INTRODUCTION
Darwinian tradition distinguishes between natural and sexual selection (Darwin, 1871) . The latter is viewed as a selective process due to variance in mating success and the former as a consequence of variance in other fitness components (Lande, 1980; O'Donald, 1980; Wade and Arnold, 1980; Arnold, 1983; Arnold and Wade, 1984b) . This is both a biologically and statistically useful distinction and can explain the origin of sexually dimorphic characters that may sometimes be disadvantageous under ordinary, natural selection, i.e., characters that probably impair survival. However, there is not a crucial distinction between these two selective processes in so far as we are concerned with measurements of selection through a generation, and split up the total selection into various components or episodes (Prout, 1971; Bundgaard and Christiansen, 1972; Arnold and Wade, 1984a, b; Ruiz eta!., 1986) , so that sexual selection can be treated as an aspect of the general process of natural selection (Endler, 1986) . Two types of sexual selection mechanisms may act in the population: (1) intrasexual selection, involving compe-tition of (usually) males for the possession of females; and (2) intersexual selection, involving the exercise of (usually) female choice for mates. The main objections to the Darwinian theory of sexual selection have been focussed on the latter, yet there are experimental evidences that females may choose between males (Semler, 1971; Thornhill, 1976 Thornhill, , 1980 Thornhill, , 1983 Andersson, 1982; Majerus et a!., 1982; Searcy, 1982; Majerus, 1986; Read, 1986; Houde, 1987) .
Most empirical studies of sexual selection, mainly in invertebrates, have been conducted in the laboratory and relatively few investigations have been made in natural populations (see below for a review of field studies). This circumstance is most dramatically illustrated in the genus Drosophila where a lavish literature on experimental populations (reviewed in Spiess, 1970; Spieth and Ringo, 1983; Knoppien, 1985) contrasts markedly with a scant knowledge of the natural situation. However thorough they are, laboratory studies might be of little relevance since it is by no means clear to what extent they reflect real field behaviour (Ewing, 1983; Ewing and Ewing, 1984) .
On the other hand, a number of difficulties are encountered when the study of sexual selection is attempted in the wild (Eanes eta!., 1977) . Yet, this only supports Endler's (1986, p. 125) statement: "There is no substitute for careful and intensive field work if one wants to find out what is happening in natural populations". As far as we are aware, the only field study with Drosophila species has been recently carried out by Partridge et al. (1987;  but see Taylor et al. 1987, p. 727 The advantages offered by the cactophilic species Drosophila buzzatii for the measurement of selection in natural populations were first noted by Barker (1977) and actual examples are already available. Barker and East (1980) showed significant selection associated with allozyme markers in this species by means of the artificial perturbation of an isolated population. Similarly, we were able to detect viability differences among secondchromosome karyotypes in a natural population of Spain using a detailed scheme of sampling through the life-cycle al., in press). In this paper we report the results of an analysis of the relationship between thorax length, as a measure of body size, and sexual selection, carried out in the same population. This work was undertaken as a part of a long term study to understand the way selection works on inversions and quantitative characters in the natural populations of D. buzzatti. To be more specific, we address here two basic questions: (1) Are mating flies larger and/or less variable for body size than non-mating ones? and (2) Is body size an important variable in predicting mate choice? As the title of the paper anticipates, only the answer to the first question was affirmative.
MATERIAL AND METHODS
The present study was carried out in the summer 1987 in an old 0. ficus-indica plantation located near Carboneras, S.E. Spain (for details see . At this time of the year, D. buzzatti breeds exclusively in the decaying Opuntia cladodes. The plot was divided in nine sections of approximately the same area with one randomly chosen collecting site in each. A few rotting Opuntia cladodes per section were located and moved not many meters to the collecting site where they were arranged in the shade. For five consecutive days (25-29 June 1987 ) the flies attracted to the daily collected rots were observed and a sample of mating and non-mating flies from each site was taken. Collections were made in the evening (from 19:00 to 21:00 hours) when adults of D. buzzatii showed their maximum activity and could be found in abundance feeding on or flying around the rots. Numerous courtships were observed but usually only a small fraction of them led to copulation. Mating behaviour had been previously studied in our laboratory (Roig et a!., 1986 ) and a brief description follows. As soon as a male notices a female, he approaches her using one or both wings to transmit visual or acoustic stimuli, he strokes the head, thorax and sometimes the abdomen of the female with the forelegs and licks her genitalia with the proboscis. The female may reject him by walking, running or flying away, or may stand still and slightly part her wings, thus enabling the male to mount.
During field collections, we observed a high proportion of wild males attempting to copulate repeatedly in absence of female's acceptance postures and, in some cases, a male was able to mount a female for a short period till the unreceptive female rejected him and flew away. Despite the apparent low receptivity of the females to male copulation attempts, up to 20-25 mating pairs were collected per day per person with a reasonable effort. Copulation time in D. buzzatii ranges from about ito 3 minutes (Patterson, 1947; Spieth, 1952; Barker and Fredline, 1985) and a mating was assumed to take place if the male mounted in the normal position and remained there for at least 20 seconds. Mating pairs could be gently aspirated without disturbing the surrounding flies by use of a tube operated by mouth-suction. Non-mating flies were collected in the same way during the five-day sampling period. In total, 396 mating pairs, 357 non-mating females and 335 non-mating males were aspirated. In addition, a large number of flies were collected in the evening of June 29 using plastic buckets baited with crushed banana scattered about the collecting area. A second sample of wild flies was collected in a similar way on September 15, 1987.
Within three hours after collection, mating and non-mating flies were separated by sex and individually mated to virgin flies of a laboratory strain for different purposes (to be described elsewhere) in addition to thorax length measurements. Trapped flies were also separated by sex and kept in numbers of 40-50 in 125 cc bottles containing 25 cc of standard cornmeal-agar-yeast medium.
After approximately two weeks, thorax length was measured to the nearest 0025 mm with a binocular microscope fitted with an ocular micrometer from the anterior margin of the thorax to the posterior tip of the scutellum, as viewed from a lateral view. All measurements were made by one of us (M.S.).
Complete descriptions of the statistical tests employed can be found in Siegel (1956) and Sokal and Rohlf (1981) .
RESULTS Table 1 gives the mean and standard deviation of thorax length for males and females collected at Carboneras on five consecutive days of June 1987 and classified according to mating and non-mating flies. A consistent difference in size between these two subsamples was observed for males. In 20 out of 24 independent collections males which succeeded in mating were larger than their non-mating neighbours, and a two-tailed sign test shows that the difference is highly significant (P = 0.002 Before discussing the implications of these results, a possible source of bias due to the collecting method must be considered. Single flies were usually more active and difficult to catch using an aspirator than flies engaged in copulation. This circumstance might produce the result we observed if larger flies were less frequently collected than smaller ones. In order to test this possibility we compared the thorax length of the non-mating and bait-trapped individuals collected in June 1987 (table 2) . No statistically significant differences were found between the means of these two samples (t= 122, df= 515, P>ØØ5; and t=O97, df= 552, P>OO5; for males and females, respectively), and the variances were also similar. Therefore, we conclude that the collecting method did not bias the average thorax length of the nonmating flies. Table 2 also gives the mean thorax size of the sample of D. buzzatii collected at Carboneras in September 1987 by means of banana baits and their offspring raised in the laboratory at 23°C under uncrowded, optimal conditions. The mean size of the wild flies did not differ from that of the analogous sample collected in June of the same year(t =O43, df=407, P> oo5; and t = 119,df= 438, P> O05; for males and females, respectively). Thus, body size seems to be fairly stable through the summer in the Carboneras population. On the other hand, it can be seen from table 2 that the distributions of thorax length for the wild flies tended to be leptokurtic and highly skewed in the direction of smaller size, and the mean size was substantially lower whereas the variance was about ten times that of the laboratory reared flies. These results are comparable to those obtained by McFarquhar and Robertson (1963) on D. subob-. scura, by David (1979) on D. melanogaster and by Robertson (1987) on D. buzzatii (for an apparent exception to this trend see Sokoloff, 1957) . The usual interpretation to these observations is that the environmental conditions encountered by wild larvae are extremely variable and suboptimal compared to those in the laboratory. Most of the increased variation in size can be attributed to differences in larval food supply, yet fluctuations in temperature may also be important in some cases. Food shortage during larval life is probably a major stress factor in the environment for many Drosophila species (Robertson, 1987) . Cactophilic Drosophila species feed upon the microorganisms associated with the decaying tissues of cacti, which concentrate protein, vitamins, sterols and other essential nutrients from the substrate (Sang, 1978) and produce volatile compounds that act as stimuli for larvae and adults (Fogleman, 1982) . A high level of variation among rots for yeast species present and total yeast density has been found for both agria and organpipe cacti in the Sonoran Desert (Starmer, 1982; and Fogleman and Starmer, 1985) and the same has been observed for Opuntia ficus-indica at the locality of Carboneras (F. Pens, personal communication). Although suboptimal diets are the rule under larval crowding, variation in larval food supply does not necessarily involve differences in the level of competition experienced by the larvae (McFarquhar and Robertson, 1963 ).
DISCUSSION
The difference we observed for mean body size between mating and non-mating flies could be plainly interpreted as due to directional selection for mating success on this quantitative trait, although some stabilizing selection might be also involved for females in view of the consistent difference in the standard deviations among mating and non-mating females (table 1) . Directional sexual selection in natural populations for morphological characters related to body size has been documented in a variety of organisms, including moths (Mason, 1969) ; beetles (McCauley and Wade, 1978; Mason, 1980; McLain, 1981 McLain, , 1982 ; butterflies (Wickman, 1985) ; toads (Wilburg et a!., 1978; Davies and Halliday, 1979; Fairchild, 1981; Halliday, 1983) ; frogs (Howard, 1979 (Howard, , 1980 Beryen, 1981; Arnold, 1983; Arnold and Wade, 1984b; Howard and Kiuge, 1985; Ryan, 1983; Robertson, 1986) ; and finches (Price, 1984) . In these studies body size was found to be positively correlated with mating success and in the bullfrog, Rana catesbiana, sexual selection accounted for 75 per cent of the total selection differential shifting the mean male size distribution 063 standard deviations (Arnold and Wade, 1984b) . On the other hand, stabilizing selection seems to be less frequent (Endler, 1986 ), yet a few examples do exist (Mason, 1964; Scheiring, 1977; McCauley, 1979; Fincke, 1986) .
Limitations imposed by the biology of D. buzzatii such as difficulties associated with recognizing and recapturing adults, indentifying the size of the broods and identifying male paternity, do not allow to measure the life-time reproductive success nor the opportunity for selection of this species in the field. Consequently, answers to some critical questions related to theories of sexual selection and life histories cannot be given at the moment. Owing to the lack of information of natural selection on body size during particular segments of the life cycle, it would be rash to interpret our results as due solely to mating success and variance in adult survivorship might also be important (McCauley, 1983; Fincke, 1986; Koenig and Albano, 1987) . In addition, it would be very valuable to know whether male mating success is agespecific in our population.
When dealing with quantitative characters the process of selection may be decomposed into phenotypic selection and genetic response. Selection intensity can be measured as the standardized difference between the character means in the population before and after selection (Falconer, 1981) . Assuming that our non-mating flies accurately represent the population before selection, we can estimate the selection intensity in the D. buzzatii population as 034 in males and 016 in females (average 025). On the other hand, response to selection is defined as the difference of mean phenotypic value between the offspring of the selected parents and the entire parental generation before selection (Falconer, 1981) .
Information about inheritance of the character is obviously required in order to predict the response to selection. Roff and Mousseau (1987) x) and m (number of female offspring produced at age x), are functions of this quantitative trait in ectoterms (Roff, 1981 (Roff, , 1986 . Much evidence indicates that fecundity and other adult fitness components are positively correlated with body size in Drosophila, but so does development time and, therefore, generation time (Robertson, 1957a, b; 1960) . Hence, a trade-off between fitness components is expected according to theories about the evolution of life histories, although apparent conflicts between sexual selection and life-history theories exist (Taylor et al., 1987) . A stable equilibrium for body size can be attained if there is a cost associated with either the achievement of a large size or the fighting with conspecifics similar in size (Maynard Smith and Brown, 1986) . Some experimental results provide support for the existence of an equilibrium distribution of size in D. melanogaster when sexual selection is opposed by earlier selection episodes, giving rise to the proposition that larval mortality increases with body size (Wilkinson, 1987) . We have previously
shown that there are fitness differences among second-chromosome karyotypes for egg-to-thirdinstar larva viability component in the population of D. buzzatii at Carboneras Santos et al., in press ), but we did not study the relationship, if any, between body size and inversion polymorphism for this species. It would be very interesting to correlate both characters and to know (providing that there is heritable variation for body size) if genetically large flies suffer higher mortality in the Opuntia rots. Bateman (1948) showed that there is a sexual difference in fitness variances for mating success in D. melanogaster, largely due to the fact that mating success is more variable in males than in females (a mathematical demonstration of Bateman's results is given in Wade and Arnold (1980) ).
While virtually all females mate in Drosophila populations, some males can achieve several matings and others none. Male reproductive success is determined by the number of matings achieved whereas female reproductive potential is determined by the number of eggs laid. Thus, it is not clear that female mating success is an important fitness component in Drosophila. However, variance in the number of matings achieved by females could exist if female remating is relatively frequent and males, having a wide choice, invest courtship time in more desirable females.
Males or females could enhance their reproductive success if they are able to choose their matings by means of (a) male choice: if males choose from a variety of females and mate with those who are larger and, consequently, have a higher fecundity (Robertson, 1957a, b); female choice: if females choose from a variety of males and mate with those who will confer a higher quality to the offspring (Partridge, 1980; Taylor et aL, 1987) . The current belief is that female flies of Drosophila choose their mates (Spiess, 1982 ), yet some authors disagree (e.g., Wilkinson, 1987, p. 19) . Nevertheless, Markow (1982) points out that the putative role of male choice in cactophilic Drosophila species deserves some consideration. A striking characteristic of the mating systems of these species is the frequent female remating, which assures a ready supply of sperm and, perhaps most important, that females gain nutrients from males (Markow and Ankney, 1984; Starmer eta!., in press) . If male choice exists in D. buzzatii, we would predict that males should prefer larger females over smaller ones. Moreover, positive assortative mating would occur given that the largest, most successful males should be able to mate the largest, most fertile females. Mating females are, on average, larger than non-mating and trapped ones but Kendall's and Spearman's coefficients of rank correlation for the body size of mating pairs are not statistically different from 0 (r=-0041, P>005; and r=-0054, P> 0•05). Thus positive assortative mating does not occur in our sample. Hence, we cannot conclude that male choice takes place in the population of D. buzzatii at Carboneras and the reasons for the difference we observed between mating and nonmating females remain to be known. Our results could be best interpreted as due to the vigour or general activity levels of larger flies which are more likely to encounter suitable mates than smaller ones, although differences in size could exist among age-classes.
